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BIOTECHNOLOGY  2008 
ABSTRACT 


Defined  broadly  as  the  manipulation  of  genetic  material  in  living  organisms  or  the  derivatives 
thereof,  biotechnology  represents  a  veritable  gold  mine  of  possibilities  for  improving  the  human 
condition.  Society  tends  to  focus  on  the  glamorous;  the  success  of  the  Human  Genome  Project 
and  its  modern  miracle  of  unraveling  the  composition  of  human  deoxyribonucleic  acid  (DNA). 
However,  biotechnology  is  much  more  than  genetics.  It  twines  the  developments  in 
understanding  the  building  blocks  of  life  with  their  characteristics  and  uses  in  organic  systems. 

In  short,  biotechnology  is  a  multifaceted  science  that  supports  all  manner  of  micro  and  macro 
interactions  within  the  life  sciences.  This  paper  addresses  three  specific  industries  within  the 
rubric  of  biotechnology  -  bio-fuels,  agriculture,  and  medicine  -  and  offers  broad  policy 
recommendations  designed  to  foster  discussion  and  debate  among  senior  leadership  in  order  to 
leverage  the  applications  of  biotechnology  for  the  good  of  the  nation.  In  addition,  the  paper 
provides  the  reader  with  three  essays  that  provide  greater  depth  and  breadth  on  significant 
current  biotechnology  issues.  Continued  development  and  implementation  of  governmental 
policies  and  funding  that  aggressively  promote  continued  scientific  discovery  and  breakthroughs 
in  this  diverse  industry  offer  unprecedented  opportunities  to  increase  mankind’s  quality  of  life  by 
reducing  dependence  on  fossil  fuels,  significantly  reducing  greenhouse  gas  emissions,  increasing 
production  and  distribution  of  food,  improving  resistance  to  disease,  and  developing 
personalized  medicine.  The  question  is  not  if  this  will  occur,  but  when  and  how  to  ensure  that  it 
takes  place  in  an  ethical,  reasonable  manner  that  benefits  America  and  the  rest  of  the  world. 
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Introduction  and  Industry  Definition 

Since  the  dawn  of  humanity,  people  have  utilized  the  principles  of  bioteehnology  in  their 
intereourse  with  the  environment.  From  discovering  the  uses  of  natural  fertilizer  to  developing 
medieines  from  baeteria,  bioteehnology  has  improved  the  world  in  whieh  we  live,  increasing 
food  supplies  and  extending  lives.  Defined  broadly  as  the  manipulation  of  genetie  material  in 
living  organisms  or  the  derivatives  thereof,  bioteehnology  provides  a  veritable  gold  mine  of 
possibilities  for  improving  the  human  condition.  However,  as  with  all  good  things,  caution  must 
be  exercised  lest  humanity  go  the  way  of  Mary  Shelley’s  monster.  It  is  through  careful  and 
deliberate  application  of  biotechnology  that  mankind  may  achieve  the  wonders  implied  by  the 
seienee  while  maintaining  our  humanity  and  dignity. 

During  the  Industry  Study,  it  became  apparent  that  bioteehnology  is  an  underlying 
science  that  supports  many  disciplines/industries.  Soeiety  tends  to  focus  on  the  glamorous;  e.g., 
the  success  of  the  Human  Genome  Projeet  and  its  modern  miracle  of  unraveling  the  composition 
of  human  deoxyribonucleic  acid  (DNA).  However,  biotechnology  is  much  more  than  genetics. 

It  twines  the  developments  in  understanding  the  building  bloeks  of  life  with  their  characteristics 
and  uses  in  organic  systems.  In  short,  bioteehnology  is  a  multifaeeted  science,  underpinning  all 
manner  of  miero  and  maero  interactions  within  the  life  seiences. 

This  report  focuses  on  three  specific  industries  that  are  supported  by  bioteehnology: 
fuels,  agrieulture,  and  medicine.  For  eaeh,  the  paper  will  define  and  assess  the  industry’s  current 
condition,  detail  challenges  experieneed  by  the  industry,  and  provide  an  assessment  of  the 
industry’s  future  prospects.  At  first  blush,  there  may  seem  to  be  some  overlap;  however,  the 
application  of  biotechnology  is  so  varied  in  each  industry,  it  is  instructive  to  treat  each  separately 
so  that  the  reader  may  form  a  more  eomplete  understanding  of  the  science  and  its  applications. 

In  addition,  the  paper  provides  the  reader  with  three  essays  that  provide  greater  depth  and 
breadth  on  significant  biotechnology  issues  of  the  day.  These  essays  relate  to  Bio-defense  and 
Pandemics,  Stem  Cells  Ethies  and  Policy,  and  Vaccines/Biologics.  The  first  is  an  obvious  topic 
of  concern  for  national  defense.  The  seeond  and  third  essays  examine  issues  that  are  of  current 
concern  to  the  U.S.  and  will  likely  gain  more  attention  in  the  media  as  scientists  and  companies 
expand  their  efforts  into  these  areas.  These  areas  have  the  potential  for  signifieant  breakthroughs 
within  the  next  deeade,  thereby  impaeting  soeiety  in  ways  only  postulated  in  seienee  fiction.  It  is 
an  exciting  time  for  bioteehnology. 

Finally,  the  paper  will  offer  policy  recommendations  for  eaeh  industry  area  explored. 

The  intent  is  to  foster  discussion  and  debate  among  senior  leadership  in  order  to  leverage  the 
applieations  of  biotechnology  for  the  good  of  the  nation.  As  with  all  interesting  topies  that  have 
the  potential  to  impact  society,  there  is  no  clear  path  to  the  future.  However,  with  proper  debate 
and  discussion,  there  exists  a  potential  to  inerease  in  mankind’s  quality  of  life  through  greater 
aceess  to  food,  resistance  to  disease,  and  personalized  medieine. 

Bio-Fuels 


Current  Condition 

As  a  result  of  the  oil  shoeks  of  1973  and  1979,  governments,  businesses,  and  academics 
began  to  intensively  study  the  use  of  bio-fuels  to  meet  the  nation’s  energy  requirements.  Interest 
waned  in  the  mid-1980s  when  oil  prices  dropped  below  $20  a  barrel  but  has  returned  to  the 
forefront  due  to  renewed  congressional  interest  in  the  “use  of  bio-fuels  as  a  means  of  redueing 
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the  nation’s  reliance  on  foreign  sources  of  oil  and  reducing  greenhouse  gas  emissions,  as  well  as 
stimulating  agricultural  production  in  rural  America.”'  Fuels  produced  from  biomass  (bio-fuels) 
hold  great  promise  as  potentially  cost-effective  energy  alternatives  that  simultaneously  reverse 
the  potentially  disastrous  effects  of  climate  change  created  by  the  burning  of  fossil  fuels.  In  his 
2007  State  of  the  Union  Address,  President  Bush  asked  Congress  to  enact  legislation  to  reduce 
dependence  on  foreign  oil  by  reducing  gasoline  consumption  by  20  percent  over  10  years,  a  goal 
that  would  require  the  use  of  35  billion  gallons  of  renewable  and  alternative  fuels  by  2017,  more 
than  $1.6  billion  of  new  funding  over  ten  years  for  energy  innovation,  and  $2  billion  in  loans  for 
the  construction  of  cellulosic  ethanol  plants.^  Congress  responded  by  passing  major  energy 
legislation  at  the  end  of  its  first  session  in  2007.  The  Energy  Independence  and  Security  Act  of 
2007  is  designed  to  improve  energy  efficiency  and  increase  the  availability  of  renewable  energy. 
In  addition  to  the  Energy  Independence  and  Security  Act,  provisions  in  the  Economic  Stimulus 
Bill  and  Earm  Bill  would  extend  through  2009  tax  incentives  for  energy  efficiency  and 
renewable  energy  that  are  set  to  expire  in  2008  and  extend  or  expand  energy  efficiency  and 
renewable  energy  provisions  of  the  Earm  Security  Act  of  2002.  “The  Senate-passed  farm  bill 
contains  provisions  for  renewable  energy.  There  are  several  provisions  for  the  production, 
blending,  and  use  of  bio-fuels  (ethanol,  biodiesel,  renewable  diesel).  Also  there  are  investment 
incentives  for  infrastructure  (fueling  stations)  and  for  the  development  of  production  facilities.” 
These  farm  bill  based  government  subsidies  for  bio-fuel  production  will  make  bio-fuels  more 
competitive  with  oil  and  will  likely  lead  many  in  the  oil  industry  to  abandon  the  construction  of 
new  refineries  as  well  as  encourage  even  the  most  reluctant  to  devise  strategies  that  incorporate 
other  forms  of  fuels  into  their  portfolios.  “Oil  will  still  be  the  backbone  of  the  energy  industry’s 
operations,  but  unless  a  major  impediment  to  bio-fuel  production  develops,  oil  will  no  longer  be 
the  only  significant  component  of  vehicle  fuel  worldwide.  Economic  and  regulatory 
circumstances  could,  for  the  first  time,  compel  some  oil  super-majors  to  truly  move  beyond 
petroleum  and  into  a  more  robust  future.”"' 

Challenges  and  Outlook 

Ethanol.  Com  derived  ethanol  is  currently  the  only  renewable  fuel  being  produced  in  the  United 
States  in  significant  quantity  and  is  aggressively  promoted  by  its  supporters  as  a  key  element  in 
obtaining  energy  security  for  the  United  States.  It  faces  several  significant  hurdles  in  its 
competition  with  gasoline.  It  is  more  expensive  to  produce  and  several  studies  indicate  that  it 
requires  more  energy  to  process  com  into  ethanol  than  the  fuel  produces.  The  shift  of  corn  from 
its  use  in  the  food  chain  to  use  in  the  energy  chain  is  unprecedented  in  agricultural  history  and  is 
having  a  profound  impact  on  prices  for  consumers,  livestock  growers  and  food  processors.^ 

In  an  effort  to  reduce  greenhouse  emissions,  a  small  amount  of  ethanol  is  added  to 
approximately  30  percent  of  the  gasoline  sold  in  the  United  States,  and  most  U.S.  automobiles 
can  bum  “E-10”  gasoline  that  contains  10  percent  ethanol.  More  than  six  million  flexible  fuel 
vehicles  (EEV)  have  been  produced  that  can  mn  on  “E-85,”  a  blend  of  85  percent  ethanol  and  15 
percent  gasoline.^  Despite  this  capability  and  nearly  $3.5  billion  dollars  spent  to  date  in  federal 
subsidies  to  refiners,  oil  companies  are  slow  to  adopt  the  higher  mix  due  to  significant  costs  of 
separate  pumps,  tmcks,  and  storage  tanks.  As  of  mid-2006,  only  800  of  the  170,000  service 
stations  in  the  United  States  sold  “E-85.”  In  addition,  many  drivers  who  tried  “E-85”  once  report 
reverting  to  regular  unleaded  gasoline  due  to  a  loss  of  up  to  25  percent  in  fuel  economy.^ 

As  a  result  of  steadily  increasing  gasoline  prices  that  ensure  sustained  profitability,  the 
U.S.  ethanol  industry  has  grown  to  an  annualized  production  rate  of  more  than  7.8  billion 
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gallons.  Upon  completion  of  new  bio-refineries  under  construetion  over  the  next  decade,  more 
than  13  billion  gallons  will  be  supplied,  nearly  10  pereent  of  the  nation’s  eurrent  gasoline 
consumption.  Expanding  the  marketplaee  for  ethanol  requires  signifieant  infrastructure 
development  to  transport,  store,  blend,  and  dispense  the  produet,  all  of  whieh  is  rapidly  eoming 
on  line.  The  Energy  Independence  and  Seeurity  Aet  of  2007  sets  an  annual  produetion  goal  of 
36  billion  gallons  of  ethanol  by  2022,  21  billion  gallons  of  whieh  is  to  come  from  cellulosie  and 
other  advanced  bio-fuel  production  sources.^  Cellulosie  ethanol  is  produced  from  the  struetural 
material  of  plants  found  in  agrieultural  and  forestry  wastes  and  rapidly  growing,  abundantly 
available  erops  sueh  as  switehgrass.  Eess  energy  is  utilized  in  its  produetion  than  eorn-derived 
ethanol,  resulting  in  lower  greenhouse  gas  emissions.  Unfortunately,  it  is  also  more  difficult  to 
break  eellulose  down  into  simple  sugars  required  to  make  ethanol  than  to  break  down  com. 

Two  objectives  must  be  aehieved  in  order  to  produee  a  viable  eellulosie  ethanol  industry 
in  the  United  States:  “. .  .eommereializing  the  teehnology  to  produee  large  quantities  of  ethanol 
from  eellulose,  and  ereating  an  infrastmeture  that  ean  deliver  large  quantities  of  new  eellulosie 
materials  to  those  new  production  plants.” Up  to  this  point,  the  federal  government  has 
foeused  almost  exelusively  on  the  first  objeetive — eommereializing  cellulosie  teehnologies.  The 
cellulosie  goal  established  in  the  Energy  Independence  and  Seeurity  Aet  of  2007  ereates  a  market 
that  will  aecommodate  perhaps  five  to  ten  eompetitors.  On  the  other  hand.  Congress  and  the 
administration  are  only  now  beginning  to  fund  development  of  the  infrastmeture  to  enable 
cellulosie  eultivation  and  delivery.  “In  the  U.S.,  the  Department  of  Energy  has  seleeted  six 
proposed  new  cellulosie  ethanol  refineries  to  reeeive  a  total  of  $385  million  in  federal  funding. 
When  completed,  these  six  refineries  are  expeeted  to  produce  130  million  gallons  of  ethanol 
yearly.”  Putting  this  infrastmeture  in  place  is  a  neeessary  eondition  to  achieving  produetion 
eapability  of  250  million  gallons  of  cellulosie  ethanol  by  2013,  a  mandate  eontained  in  the 
Energy  Policy  Act  of  2005. 

Biodiesel.  The  annual  produetion  of  biodiesel  in  the  United  States  increased  7500  percent  from 
1999  to  2005 — from  less  than  1  million  gallons  in  1990  to  nearly  75  million  gallons  in  2005,  the 
vast  majority  from  soybeans.'"^  In  2007,  the  United  States  produced  nearly  450  million  gallons 
of  biodiesel,  an  80  percent  increase  in  production  from  2006.  “Today  there  are  more  than  650 
biodiesel  fueling  stations  and  hundreds  of  fleet  operators  use  biodiesel  to  fuel  their  tmeks.  Every 
year  more  Amerieans  are  realizing  the  benefits  of  biodiesel,  whieh  can  produce  fuel  from 
soybeans  and  other  vegetable  oils,  including  waste  products  like  reeycled  cooking  grease.”'^ 
Government  supports  mirror  those  for  ethanol,  including  a  production  tax  credit  of  $1  per  gallon 
blended  with  petroleum-based  diesel  fuel.  In  spite  of  this  phenomenal  growth,  the  outlook  for 
the  industry  remains  unelear.  Although  the  produetion  tax  credit  is  extended  beyond  its  2008 
expiration  in  both  Senate  and  House  versions  of  the  2007  Earm  Bill,  vegetable  oil  feed  stocks 
such  as  soybeans,  sunflower,  and  rapeseed  are  far  less  plentiful  than  ethanol  sources.  That  being 
said,  higher  fuel  priees  along  with  the  aforementioned  government  ineentives  are  making  the 
industry  inereasingly  more  profitable  and  raising  questions  concerning  the  produetion  of 
agricultural  products  to  meet  the  demand.  A  “hypothetieal  federal  mandate  that  biodiesel  make 
up  1  pereent  of  eurrent  vehicle  diesel  fuel  use  would  exhaust  most  available  vegetable  oils  and 
animal  fats  and  require  manufaeturers  to  find  an  additional  1.3  billion  pounds  of  oil.”'^ 

Algae.  The  feedstock  exhibiting  the  most  promising  potential  for  bio-fuel  production  is  algae. 
Researeh  at  the  Colorado  State  University  (CSU)  Engines  and  Energy  Conservation  Eaboratory 
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and  the  University  of  New  Hampshire  (UNH)  suggests,  .  .algae  eould  supply  enough  fuel  to 

meet  all  of  Ameriea’s  transportation  needs  in  the  form  of  biodiesel.  While  it  would  require  twiee 

the  land  area  of  the  United  States  to  produee  enough  soybeans  to  meet  eurrent  U.S.  heating  and 

transportation  needs,  enough  algae  ean  be  grown  to  replaee  all  transportation  fuels  in  the  United 

States  on  15,000  square  miles  or  4.5  million  aeres  of  land,  a  landmass  roughly  the  size  of 

Maryland.”^’  The  UNH  report  posits  that  the  more  effieient  a  plant  is  at  eonverting  solar  energy 

into  ehemieal  energy  the  better  it  is  from  a  bio-fuels  perspeetive.  Algae  perform  this  task  so  well 

that  “up  to  50  pereent  of  its  body  weight  ean  be  fat,  or  the  oil  needed  to  make  biodiesel.  That 

makes  algae  the  highest  yielding  feedstoek  for  biodiesel,  produeing  24  times  more  oil  per  aere, 
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on  average,  than  the  next  leading  feedstoek  -  palm  oil  at  635  gallons/aere/year.” 

On  February  24,  2008,  Virgin  Atlantie  beeame  the  first  airline  to  fly  with  bio-fuel.  One 
of  its  Boeing  747-400  aireraft  flew  from  London  to  Amsterdam  earrying  a  20  pereent  mix  of  bio¬ 
fuel  derived  from  eoeonut  and  babassu  oil  in  one  of  its  four  fuel  tanks.  Commenting  on  the 
flight  in  the  Mareh  19,  2008  edition  of  The  Guardian,  Virgin  CEO  Riehard  Branson  stated,  “Two 
years  ago  the  skepties  said  that  bio-fuel  freezes  at  15,000  feet  and  it  would  be  impossible  to  fly 
an  aireraft  using  bio-fuel.  Our  reeent  flight  demonstrated  that  a  Boeing  747  ean  fly  at  high 
altitude  using  bio-fuel.  We  will  share  the  lessons  from  this  historie  flight  with  our  visionary 
industry  partners  and  go  on  looking  for  a  renewable  fuel  souree,  sueh  as  algae,  that  eould  unloek 
our  relianee  on  traditional  kerosene.”'^  This  teehnology  holds  great  promise  for  the  U.S. 
Department  of  Defense  whieh  is  seeking  to  both  reduee  dependenee  on  foreign  energy  sourees 
and  eontain  eosts  as  part  of  the  Seeretary  of  Defense’s  Assured  Fuels  Initiative.  “Total  Pentagon 

fuel  eonsumption  is  roughly  four  pereent  of  total  U.S.  eonsumption,  and  nearly  three  quarters  of 
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that  is  aviation  fuel.” 

Patents 

For  the  most  part,  ease  law  and  moral  issues  eoneerning  bio-fuels  are  not  eontroversial. 

As  researehers  sueh  as  Craig  Venter  move  into  synthetie  bioteehnology,  it  ean  be  expeeted  that 
there  may  be  inereased  legal  or  moral  issues  eoneerning  the  use  of  these  synthetie  organisms. 

2 1 

The  bio-fuels  patent  field  eonsists  of  over  850  patents  spread  aeross  285  different  eompanies. 
Bio-fuels  are  represented  in  three  distinet  areas  of  patent  law:  feedstoek;  refining;  and  miero- 
organisms. 

Sinee  feedstoeks  are  plant  varieties,  the  legal  and  moral  issues  are  similar  to  those  in  bio- 
agrieulture.  The  one  major  differenee  eoneerns  the  use  of  the  world’s  food  supply  for  energy 
purposes.  Bio-energy  refining  is  similar  to  other  refining  industries  and  patent  proteetion  is 
granted  for  the  maehines  and  proeesses.  The  legal  basis  for  these  patents  dates  baek  to  1937, 
when  George  Chavanne  patented  the  proeedures  for  ereating  fuel  from  vegetable  oil  in 
Belgium.^^  Finally,  the  legal  basis  for  patenting  of  miero-organisms  used  to  produee  bio-energy 
was  established  in  the  seminal  1980  U.S.  Supreme  Court  ease  Diamond  v.  Chakrabarty,  in  whieh 
the  eourt  held  that  live  human-made  organisms,  in  this  ease  genetieally  engineered  baeteria  to 
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elean  up  an  oil  spill,  were  a  produet  of  human  ingenuity  and  eould  be  patented. 

Agriculture 


Current  Condition 

Agrieultural  bioteehnology  is  a  eolleetion  of  seientifie  teehniques,  ineluding  genetie 
engineering,  that  are  used  to  ereate,  improve,  or  modify  plants,  animals,  and  miero-organisms. 
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Genetic  engineering  techniques  allow  a  precise  alteration  of  a  plant’s  traits  (facilitating  the 
development  of  characteristics  not  possible  through  traditional  plant  breeding),  and  permit 
targeting  of  a  single  plant  trait  (decreasing  the  number  of  unintended  characteristics  that  may 
occur  with  traditional  breeding). 

The  initial  objective  for  developing  genetically  engineered  (GE)  crops  was  to  improve 
protection  against  diseases.  Biologists  were  following  similar  life  science  techniques  as 
implemented  in  the  scientific  ‘trial  and  error’  search  for  disease  cures  in  humans.  The  GE  crops 
currently  on  the  market  are  mainly  aimed  at  increasing  the  level  of  crop  protection  through 
introduction  of  resistance  against  plant  diseases  caused  by  insects  or  viruses  or  through  increase 
tolerance  towards  herbicides.  In  addition  to  the  benefits  of  protecting  crops  against  diseases  and 
weeds,  farmers  and  agribusiness  were  striving  to  achieve  greater  yields  (economies  of  scale  per 
acre  planted),  reduce  environmental  scarring  (decrease  fertilizers  and  herbicides),  and  increase 
efficiency  (time  management).  Insect  resistance  is  achieved  by  incorporating  into  the  food  plant 
the  gene  for  toxin  production  from  the  bacterium  Bacillus  Thuringiensis  (BT).  This  toxin  is 
currently  used  as  a  conventional  insecticide  in  agriculture  and  is  safe  for  human  consumption. 

GE  crops  that  permanently  produce  this  toxin  have  been  shown  to  require  lower  quantities  of 
insecticides.  Herbicide  tolerance  (HT)  is  achieved  through  the  introduction  of  a  gene  from  a 
bacterium  conveying  resistance  to  some  herbicides.  Use  of  these  GE  crops,  referred  to  as 
“Roundup  Ready”  because  they  are  engineered  to  resist  Monsanto’s  glyphosate  herbicide,  has 
resulted  in  a  reduction  in  the  quantity  of  the  herbicide  used. 

The  first  generation  of  agricultural  biotechnology  involves  traits  that  affect  crop 
production  -  herbicide  or  pest  resistance.  Biotechnology’s  second  generation  involves  crops 
with  enhanced  output  characteristics,  such  as  high  oil  content  or  other  specialized  features.  It  has 
been  predicted  that  the  next  wave  of  biotechnology  products  on  the  market  will  be  GE  crops  to 
target  the  needs  of  the  end-user  or  consumer,  such  as  foods  with  altered  nutritional  qualities, 
crops  with  improved  processing  characteristics,  or  plants  that  produce  specialty  chemicals  or 
pharmaceuticals.^^  In  2005,  GE  crops  were  planted  on  an  estimated  222  million  acres 
worldwide.  The  total  number  of  countries  growing  such  crops  reached  21  in  2005,  but  most  of 
the  acreage  was  highly  concentrated  among  four  crops  (soybeans,  corn,  cotton,  and  canola)  and 
five  countries.  The  United  States  had  55%  of  global  acreage,  Argentina  had  19%,  Brazil  (10%), 
Canada  (7%),  and  China  (4%)  constituted  the  nations  with  the  largest  shares.  The  principal 
(and  principled)  argument  that  the  producers  offer  to  justify  the  use  of  GE  crops  is  the  increased 
yield  from  GEs  could  end  malnutrition  in  the  world.  The  United  Nations  Eood  and  Agriculture 
Organization  rebuttal  to  this  argument  is  that  the  world  currently  produces  a  sufficient  amount  of 

food  to  eliminate  malnutrition.  The  problems  associated  with  malnutrition  are  poverty  and  a  lack 
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of  access  to  the  available  food. 

Challenges  and  Outlook 

The  European  Union  leads  the  world  in  opposition  to  GE  crops  or  genetically  modified 
organisms  (GMOs).  The  principal  focus  of  their  opposition  is  safety.  Several  governments  and 
groups  in  the  European  Union  do  not  believe  that  GE  crops  are  safe  for  consumption  by  their 
citizens.  In  the  U.S.,  the  process  that  is  used  by  the  EDA  is  a  determination  that  the  modified 
(enhanced)  plant  is  “generally  recognized  as  safe.”^^  It  simply  acknowledges  that  the  genetically 
modified  plant  is  probably  not  dangerous  to  humans  or  animals.  The  U.S.  Eood  and  Drug 
Administration  (EDA)  does  not  actually  approve  GE  crops  for  use  in  the  United  States  or 
anywhere  else  in  the  world.  In  Europe,  the  review  process  is  referred  to  as  “substantial 
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equivalence.”  This  process  does  not  approve  or  validate  a  GE  crop.  These  designations  are 
accepted  by  the  World  Health  Organization  and  Office  (WHO)  and  organization  for  Economic 

TO 

Cooperation  and  Development. 

The  general  perception  is  that  GE  crops  are  widely  accepted  by  residents  of  the  Americas 
and  nearly  universally  rejected  by  Europeans.  After  all,  GE  crops  are  ingredients  in  nearly  every 
food  product  in  a  grocery  store.  Over  60%  of  the  foods  found  in  grocery  stores  contain  GE 
products.  Because  so  many  products  in  the  U.S.  are  genetically  modified,  the  obvious 
conclusion  is  that  GE  crops  must  be  widely  accepted  by  Americans.  In  reality,  61%  of  American 
women  say  that  they  are  “unlikely”  to  try  a  food  that  is  genetically  modified.  Men  in  America 
are  less  opposed  to  the  idea  of  eating  genetically  modified  foods.  Only  46%  of  men  say  they  are 
“unlikely”  to  eat  foods  containing  GE  crops.  Most  Americans  are  not  aware  of  the  presence  of 
GE  crops  in  food  products  because  the  El.S.  does  not  have  a  requirement  to  label  foods  which 
contain  GE  crops. 

American  business  has  become  extremely  sensitive  to  these  preferences  of  American  men 
and  women  saying  they  are  unlikely  to  eat  genetically  modified  foods.  Anheuser  Busch,  the 
largest  purchaser  of  rice  in  the  El.S.,  announced  that  it  would  not  purchase  rice  from  any  grower 
in  the  state  of  Missouri  if  the  state  allowed  the  introduction  of  genetically  modified  rice  in  any 
field  in  the  state. The  beer  maker’s  concern  was  in  regards  to  the  possibility  of  consumer 
rejection  of  its  products  -  once  the  public  learned  that  any  of  its  products  contained  ingredients 
which  had  been  genetically  modified.  Other  American  food  producers  have  rejected  the  use  of 
genetically  modified  ingredients.  Meat  producers,  such  as  Dean  Eoods  and  Smithfield  Earms, 
have  publicly  stated  they  will  not  include  animal  products  produced  from  cloned  livestock  or 
their  offspring  in  their  products.  This  announcement  came  days  after  the  European  Eood  Safety 
Authority  (EESA)  and  the  U.S.  Eood  and  Drug  Administration  (EDA)  announced  that  food 
derived  from  the  offspring  of  cloned  cows,  pigs  and  goats  to  be  safe  for  human  consumption.^"^ 
The  issue  with  meat  products  is  slightly  more  complicated  because  animals  are  often  fed  animal 
feed  containing  GE  crop  products.  These  companies  distinguish  between  the  use  of  cloned 
animal  products  and  animal  feed  containing  GE  crop  products. 

The  European  media  presents  a  different  perspective  concerning  acceptance  of  GE  crops. 
Clearly,  the  media  presents  an  image  of  a  populace  who  rejects  food  products  containing  GE 
crops.  In  some  cases,  national  legislation  supports  this  image.  In  Switzerland  (a  non-EU 
country),  the  citizens  voted  to  support  a  five  year  ban  on  the  importation  of  GE  products  with 
55.7  percent  of  the  population  voting  in  favor  of  the  exclusion.  Six  EU  countries  imposed  bans 
on  GE  crops.  The  EU  has  held  numerous  referenda  at  the  ministerial  level  concerning  GE 
crops.  In  general,  the  EU  has  been  unable  to  achieve  consensus  on  the  safety  of  GE  or  an 
agreement  to  exclude  GE  products  imported  from  outside  of  Europe.  A  consumer  experiment 
recently  conducted  in  Britain  determined  that  there  is  price  sensitivity  in  the  choice  between  GE 
and  non-GE  food.  Consumers  were  willing  to  buy  GE  food  if  the  price  of  non-GE  food  was 
higher.  Eventually  74.5%  of  consumers  were  willing  to  buy  GE  food.^^  Surveys  in  other 
European  countries  achieved  similar  results.  Similar  to  the  American  study,  Europeans 
consumers  express  a  clear  gender  preference  against  GE  foods.  European  women  are  far  more 
likely  to  prefer  non-GE  foods  than  men.  An  experimental  study  found  that  the  presence  of  a 
label  indicating  the  presence  of  GE  crop  products  in  food  did  not  significantly  affect  a 
consumer’s  decision  to  purchase  the  food  in  general. 

In  May  2003,  the  United  States,  Canada,  and  Argentina  initiated  a  complaint  before  the 
World  Trade  Organization  (WTO)  dispute  panel  regarding  the  EU’s  de  facto  moratorium  on 
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approval  of  new  GE  crops.  U.S.  agricultural  interests  contended  that  the  moratorium  not  only 
blocked  exports  such  as  corn  and  other  products  to  the  EU,  but  also  as  fueling  unwarranted 
concerns  about  the  safety  of  agricultural  biotechnology  throughout  the  world.  The  Elnited  States 
and  its  allies  further  argued  that  the  ELI  moratorium  was  violating  WTO  rules  stating  that  a 
country’s  actions  to  protect  health  and  the  environment  must  be  scientifically  based.  Although 
the  ELI  effectively  lifted  the  moratorium  in  May  2004  by  approving  a  genetically  engineered 
com  variety,  the  three  complainants  pursued  the  case,  in  part  because  a  number  of  ELI  member 
states  have  continued  to  block  approved  biotech  products.  In  November  2006,  the  WTO’s 
Dispute  Settlement  Body  (DSB)  adopted  the  dispute  panel’s  report,  which  mled  that  a 
moratorium  had  existed  and  six  ELI  member  states  violated  WTO  mles.  U.S.  officials  contend 
that  the  EU  moratorium  threatens  U.S.  agricultural  exports  to  other  parts  of  the  world.  Industry 
estimates  suggest  that  the  moratorium  costs  U.S.  com  growers  $300  million  in  exports  to  the  EU 
annually. 


Medical  Biotechnology 

Current  Condition 

The  field  of  medical  biotechnology  mns  the  gamut  from  traditional  pharmaceutical 
manufacturing,  to  vaccines,  to  experimental  stem  cell  therapies,  to  personalized  medicine.  It 
provides  a  dizzying  array  of  possibilities  from  curing  cancer  to  extending  human  lifespan.  The 
common  factor  among  all  of  these  applications  is  the  science  of  biotechnology.  The  ability  to 
understand  and  directly  control  genes  has  led  to  a  revolution  in  the  field  of  medicine.  Because 
the  field  of  medical  biotechnology  is  so  diverse,  it  is  difficult  to  judge  its  past  performance  as  a 
whole.  One  method  of  assessing  the  sectors  is  by  the  number  of  dmgs  and  vaccines  approved  by 
the  EDA  per  year.  According  to  the  national  biotechnology  trade  organization,  BIO,  the  number 
of  new  biotech  therapies  has  risen  significantly  since  the  early  1990s.  (Eigure  1) 
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Figure  1.  New  Biotech  Drug  aud  Vacciue  FDA  Approvals'" 


The  medical  biotech  field  has  produced  more  than  200  therapies  to  treat  such  illnesses  as  cancer, 
diabetes,  HIV/AIDS  and  autoimmune  disorders.  The  field  is  responsible  for  medical  diagnostic 
tests  that  keep  the  blood  supply  safe  from  the  AIDS  virus  and  detect  other  conditions  early 
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enough  to  be  sueeessfully  treated.  Employment  in  the  medical  biotech  field  grew  approximately 
8%  from  2001  to  2006."^^  Two  major  advances  in  medical  biotechnology  include  personalized 
medicine  and  longevity  research. 

Personalized  medicine  is  a  broad  field  involving  predictive,  preventive,  personalized,  and 
participatory  medicine. Personalized  medicine  is  the  tailoring  of  treatments  to  an  individual’s 
genetic  profile,  and  in  the  future,  its  primary  role  will  be  to  prevent  rather  than  treat  disease. 
More  specifically,  an  individual  will  be  treated  by  knowing  how  the  medication  will  react  to  an 
individual’s  genomic  structure,  and  perhaps,  the  sequence  of  the  disease.  The  decoding  of  the 
human  genome  in  2000  sparked  hopes  that  a  new  era  of  tailored  medicine  was  just  around  the 
comer.  However,  uncovering  the  genetic  differences  that  determine  how  a  person  responds  to  a 
dmg  and  developing  tests  or  biomarkers,  for  those  differences  has  proved  to  be  more  difficult 
than  initially  thought  and  continues  to  be  a  challenge. The  challenge  is  linking  genome 
technology  to  biology.  Technology  is  available  to  sequence  the  genome  of  every  human  being, 
but  researchers  are  still  working  on  identifying  the  genetic  causes  of  a  disease  and  therapies  to 
treat  diseases. Medicines  will  be  personalized  by  dmg  companies  to  customize  a  dmg  to  a 
particular  patient  population,  diagnostic  and  therapeutic,  or  it  can  even  be  designed  for  a  patient 
population  based  on  gene  type  or  DNA.  The  applications  of  personalized  medicine  are  still 
mainly  in  the  realm  of  promises  though  there  are  applications  now.  New  technologies  are 
continuing  to  be  developed  for  sequencing  which  will  make  personalized  medicine  increasingly 
more  important  over  the  next  five  to  ten  years. 

Another  advancing  area  of  research  is  in  human  longevity.  Over  the  last  decade,  there 
have  been  numerous  examples  of  increasing  lifespan  in  laboratory  worms,  flies,  and  mice. 
Improvements  of  up  to  40%  disease-free  lifespan  have  already  been  demonstrated  in  laboratory 
animals.  As  of  2006,  several  forms  of  worm  have  been  created  with  either  enhanced  or 
suppressed  genes  that  demonstrated  remarkable  longevity.  Scientists  are  continuing  to  conduct 
assays  of  gene  expression  to  determine  which  genes  influence  longevity.  In  2007,  25  new 
human  longevity  enhancing  genes  were  found  in  various  studies.  While  the  potential  for 
increased  human  lifespan  exists,  it  is  unclear  when  it  these  therapies  can  be  realized.  It  is 
instmctive  to  consider  three  future  scenarios:  I)  Scientists  eliminate  major  causes  of  early  death 
(cancer,  Alzheimer’s,  and  coronary  diseases)  2)  Novel  techniques  come  on  line  that  expand 
current  human  lifespan  to  its  theoretical  maximum  (stem  cell  regeneration,  caloric  restriction 
mimetics,  etc)  and  3)  New  biological  techniques  emerge  that  take  people  past  the  current  human 
lifespan.  In  the  first  scenario,  demographers  have  estimated  that  the  elimination  of  major 
diseases  would  result  in  an  increase  in  average  life  expectancy  to  only  85.  This  is  a  result  of 
continuing  systemic  decline  in  the  body  due  to  aging.  In  the  second  scenario,  life  expectancy 
would  increase  to  the  current  maximum  of  about  120  years.  This  would  require  actions  to  slow 
the  systemic  decline  related  to  aging.  In  the  final  scenario,  life  expectancy  would  increase  past 
the  theoretical  maximum  through  repeated  repairs  of  age  related  damage.  One  noted  longevity 
researcher.  Dr.  Aubrey  de  Gray,  suggests  that  given  repeated  repairs,  a  person  may  end  up 
achieving  ‘escape  velocity’  where  healthcare  improves  life  expectancy  at  a  rate  faster  than  we 
age.  Dr.  de  Gray  has  proposed  that  the  result  of  this  technological  improvement  means  that  the 
first  person  to  reach  150  is  likely  alive  today  and  the  first  1000  year  old  will  be  born  in  the  next 
20  years. 


Challenges  and  Outlook 
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Two  key  issues  faeing  medieal  bioteehnology  are  the  inereasing  eost  of  healthcare  in  the 
United  States  and  the  world  wide  regulation  of  Intellectual  Property.  These  are  pressing  policy 
issues  that  concern  the  national  security  of  the  United  States. 

The  cost  of  healthcare  is  currently  the  number  one  issue  facing  the  U.S.  medical  industry 
today.  Mandatory  spending  programs  are  linked  with  life  expectancy  and  the  current  expected 
changes  in  demographics  will  result  in  significant  future  budget  deficits.  An  aging  population 
accounts  for  25%  of  the  projected  cost  growth  through  2030,  while  rising  health  care  costs 
accounts  for  75%.^"^  However,  this  analysis  is  based  on  projected  life  expectancies  of  81,  up 
from  78  in  2007.  Should  life  expectancies  increase,  the  aging  population  portion  of  the  cost 
growth  may  increase  significantly.  Advances  in  medical  biotechnology  may  challenge  the  budget 
through  increasing  Social  Security  costs  and  health  costs.  The  key  to  addressing  these  issues  is 
two  fold;  increasing  the  health  of  the  aging  population  and  then  expanding  the  workforce  with 
older  adults.  An  effective  means  to  deal  with  this  challenge  is  to  focus  federal  funding  on  an 
effort  to  increase  life  expectancy  and  healthy  life  span. 

The  second  key  issue  is  the  protection  of  intellectual  property.  In  the  area  of  patents  the 
issue  can  be  broken  into  two  parts:  the  patenting  of  genes  and  the  stifling  of  innovation.  There  is 
considerable  concern  that  the  US  Patent  and  Trademark  Office  has  been  granting  gene  patents  on 
the  basis  of  “trivial,  dubious,  or  even  fraudulent  utility  claims. These  allegations  against  the 
US  Patent  and  Trademark  Office  are  being  upheld  by  the  Supreme  Court.  Most  recently,  in  KSR 
V.  Teleflex,  the  court  invalidated  a  patent  because  it  failed  the  obviousness  test.^^  The  important 
distinction  is  that  it  is  legal  to  patent  the  specific  use  of  a  gene  so  long  as  the  patent  satisfies  the 
criteria  for  novelty,  utility,  and  clarity.  To  date,  almost  2,000  genes  have  been  patented  and  a 
recent  study  claims  that  well  over  half  of  the  patents  are  problematic  in  meeting  the  legal 
criteria.  A  bad  application  of  legal  standards  which  leads  to  bad  patents  is  not  good  public 
policy.  The  issue  of  whether  patenting  genes  chokes  off  scientific  research  is  interesting.  The 
science  of  biotechnology  emerged  during  the  1980’s  at  the  same  time  as  the  Bayh-Dole  Act. 

Prior  to  this  time,  basic  research  was  funded  by  the  government  and  considered  a  public  good 
that  was  available  in  the  public  domain,  excluding  none  from  its  use.  However,  there  was  a 
concern  that  the  research  was  not  being  commercialized  fast  enough  and  that  government 
funding  was  no  longer  sufficient.  So,  as  a  matter  of  public  policy,  the  Congress  passed  the  Bayh- 
Dole  Act  to  essentially  privatize  basic  science  and  research.  Many  credit  this  act  with  the 
innovation  explosion  that  has  occurred  in  the  field  of  biotechnology.  To  claim,  as  many  now  do, 
that  allowing  for  this  privatization  to  occur  may  be  choking  off  innovation  does  not  take  into 
account  the  tremendous  gains  of  privatization.  To  reverse  this  trend  and  make  the  information 
part  of  the  public  domain,  would  require  increased  government  expenditures  and  alternative 
methods  of  incentives  to  encourage  innovation  at  the  same  pace  as  has  occurred  in  the  past  thirty 
years.  It  is  important  to  remember  that  the  patent  is  for  only  twenty  years,  so  the  ability  to 
exclude  its  use  will  eventually  expire.  Other  challenges  include  that  of  vaccine  development  and 
generic  biologies  manufacturing,  addressed  in  a  separate  essay  in  this  report. 

Bio-defense  Essay 

“The  greatest  threat  facing  our  nation  in  the  21st  century  is  the  danger  of  terrorist  networks  or  terrorist  states 
armed  with  weapons  of  mass  destruction.  We're  taking  decisive  action  at  home  and  abroad  to  defend  our  people 
from  this  danger.  ....  We  will  ensure  that  you  have  the  tools  necessary  to  do  the  solemn  duty  of  protecting  the 
American  people  from  harm. 


President  George  W.  Bush 
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Speech  to  NDU  Students  at  the  National  Defense  University 
October  23,  2007 

Recognizing  and  Acknowledging  the  Threat 

The  threat  of  an  adversary  using  weapons  of  mass  destruetion  is  not  new.  In  faet,  for  the 
past  several  deeades,  the  topie  has  been  one  of  immense  importanee  to  our  nation’s  seeurity  and 
future  prosperity.  Yet,  in  the  last  several  years,  the  invineible  superpower  mentality  that  lulled 
our  nation  into  a  dangerous  state  of  seeurity  eomplaeeney  has  been  replaeed  by  a  shoeked  publie 
awareness  and  renewed  sense  of  urgeney  to  develop  anti-terrorist  safeguards.  President  George 
W.  Bush  has  been  unwaveringly  eonsistent  with  the  language  he  has  used  to  deseribe  the  WMD 
threat  in  the  National  Seeurity  Strategies  of  2002  and  2006.  The  United  States,  in  eonjunetion 
with  its  allies,  has  fortified  its  previous  response  to  terrorism  and  reevaluated  the  direet  threat  of 
a  terrorist  attaek  whieh  eould  potentially  involve  ehemieal,  biologieal,  radiologieal,  or  nuelear 
(CBRN)  agents  as  weapons  of  mass  destruetion. 

Along  with  the  growing  threat  in  the  past  deeade,  the  teehnology  of  weapons  of  mass 
destruetion  has  proliferated  at  an  alarming  level  as  both  the  information  and  eapabilities  for 
developing  these  deadly  agents  have  beeome  more  aeeessible.  Both  state  and  non-state 
adversaries  eontinually  desire  the  means  to  ehallenge  the  power  and  influenee  of  the  United 
States  and  its  demoeratie  allies.  The  eatalyst  for  the  growing  threat  of  weapons  of  mass 
destruetion  is  the  terrorists’  inability  to  meet  the  extensive  eost  of  researeh,  development,  and 
proeurement  of  their  own  high  technology  weapons.  Neither  can  they  sustain  the  requirements 
for  large  standing  military  forces.  In  short,  terrorists  are  unable  to  fight  or  challenge  the  U.S.  in  a 
conventional  confrontation  and  use  of  asymmetric  violent  attacks,  including  use  of  weapons  of 
mass  destruction,  are  far  more  cost  effective.^*’ 

Defining  the  Threat 

Why  is  the  threat  from  weapons  of  mass  destruction  so  important  today?  Former 
Chairman  Joint  Chiefs  of  Staff,  General  Colin  Powell  admitted  in  1993,  ''The  one  thing  that 
scares  me  to  death,  perhaps  even  more  so  than  tactical  nuclear  weapons,  and  the  one  that  we 
have  the  least  capability  against  is  biological  weapons.  Despite  the  20^'^  and  early  2U‘ 
century’s  astronomical  advances  in  medical  technology,  biological  warfare  (BW)  still  poses 
extremely  difficult  and  seemingly  insurmountable  problems  for  the  U.S.  and  its  allies.  For 
decades,  the  U.S.  has  readily  relied  upon  the  Department  of  Defense  to  provide  the  nation’s  sole 
protection  from  WMD  threats.  From  the  mid  1970s  until  post- 1992  Operation  Desert  Storm,  the 
Department  of  Defense  persisted  in  putting  BW  defense  (more  so  than  chemical  or  nuclear 
weapons  readiness  and  training)  in  the  “too-hard-to-do  box”  because  commanders  and 
intelligence  advisors  perceived  that  the  threat  of  use  was  miniscule  compared  to  the  effort 
required  to  defend  against  it.  During  the  later  part  of  the  twentieth  century  (1979),  two 
circumstances  gave  renewed  impetus  to  a  number  of  defensive  measures.  First,  the  former  Soviet 
Union  disclosed  its  advanced  biological  weapons  development  program  (in  gross  violation  of 
their  signatory  restrictions  via  the  Biological  Weapons  Convention),  through  their  limited 
biological  weapons  use  during  the  Soviet  Union  -  Afghanistan  War  and;  secondly,  Iraq 
threatened  the  potential  to  use  BW  during  the  1991  Gulf  War. 

News-making  discoveries  in  microbiology  and  genetic  engineering  have  increased  the 
public’s  understanding  of  the  implications  of  ungovemed  biotechnology.  General  Powell’s 
concerns  are  now  echoed  around  the  world.  Scenarios,  which  are  not  reported  by  the  news,  are 
cropping  up  as  vignettes  in  other  forms  of  entertainment  media  such  as  books,  movies,  and 
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television.  Books  and  movies  by  the  seore  have  perpetuated  the  fears  of  terrorist  and 
eatastrophie  weapons  of  mass  destruetion  (WMD)  eonsequenees.  Fear  may  be  good  if  it  shakes 
the  eomplaeent  into  aetion;  BW  ean  be  defeated,  but  only  if  eonfronted. 

Though  aeeredited  to  advaneed  teehnology,  the  threat  is  not  new.  Military  exploitation  of 
living  organisms  to  eause  enemy  easualties  is  as  old  as  warfare  itself  From  biblieal  times,  water 
holes  have  been  poisoned,  infeeted  eorpses  fired  aeross  enemy  lines,  and  diseased  prisoners 
returned  to  infeet  their  eolleagues.  More  reeently,  in  the  19th  eentury,  unserupulous  traders 
distributed  blankets  eontaminated  with  smallpox  among  the  Ameriean  Indians.  Deeimated  by 
epidemies  against  whieh  they  had  no  immunity,  the  Native  Amerieans  were  easy  prey  for  their 
eonquerors.^^  In  the  21®*  eentury,  both  seienee  and  teehnology  allow  the  development  of  new 
more  deadly  BW  agents  in  the  laboratory. 

Today,  seientists  ean  engineer  organisms  to  exhibit  speeifie  traits  and  resistant 
eharaeteristies.  Additionally,  organisms  have  been  artifieially  mutated  to  give  more  speeifie, 
more  intense,  and  quieker  pathogenie  effeets.  They  have  even  been  modified  to  survive  longer 
and  take  advantage  of  different  veetors  or  natural  earner  organisms  sueh  as  rats,  fleas,  tieks, 
mosquitoes,  birds,  and  even  beef,  poultry  and  fish. 

There  have  also  been  natural  ehanges  in  diseases  whieh  affeet  mankind,  some  eaused  by 
mutations  in  viruses  and  others  whieh  allow  them  to  eross  the  speeies  barrier  from  animals  to 
man.  The  eross-speeies  transfer  has  been  helped  by  some  appalling  errors  made  by  man  himself 
The  advent  of  bovine  spongiform  eneephalopathy  (BSE),  or  “mad  eow  disease”  in  eattle  and  the 
resultant  potential  for  an  epidemie  of  the  human  variant,  Kreutzfeldt-Jaeob  Disease,  is  one 
example.  Other  diseases,  sueh  as  Human  Immunodefieieney  Virus  (HIV)  and  Eseheriehia  eoli 
(E  Coli),  have  jumped  the  human  -  animal  gap  for  other  reasons  or  have  eome  to  prominenee 
beeause  of  lifestyle  and  eulture. 

The  emergenee  of  Ebola  virus  and  the  extremely  rapid  tissue  deterioration  eaused  by 
Neerotizing  Easeiitis,  or  flesh-eating  baeteria,  have  also  turned  the  world’s  attention  to  the 
mierobiologist  for  understanding  the  ways  these  diseases  are  transmitted  and  aequired  and, 
ultimately,  for  ways  to  gain  proteetion  from  their  virulenee.  Revelations  of  the  depth  and  breath 
of  U.S.  vulnerabilities  sparked  publie  awareness  and  support  for  better  deteetion,  surveillanee, 
and  responses  speeifieally  ineluding  medieal  prophylaetie  and  treatment  measures.  Sinee  then 
great  advanees  have  oeeurred  (though  mueh  more  is  needed)  in  the  medieal  response  areas 
espeeially  in  the  areas  of  vaeeine  development  -  almost  keeping  paee  with  the  most  likely 
advaneing  BW  threats.  However,  methods  for  rapid,  reliable  point  and  standoff  deteetion, 
identifieation,  warning  and  reporting  proeedures,  and  oritieally  needed  planning  and  resoureing 
of  response  units  remains  a  ehallenge  even  today  and  are  only  beginning  to  be  properly 
addressed  aeross  the  Eederal  Government  and  the  Department  of  Defense  (DoD). 

Biologieal  agents  may  have  eseaped  from  offensive  researeh  faeilities  and,  even  worse, 
they  have  been  the  subjeets  of  elandestine  trials  among  the  publie.  Eor  example,  in  April  1979  at 
the  Soviet  Biologieal  Researeh  Eaeility  loeated  in  Sverdlovsk,  Russia,  an  aeeidental  release  of 
traee  amounts  of  anthrax  spore  aerosol  resulted  in  the  eumulative  deaths  of  over  800  residents  of 
the  loeal  eommunity.^"*  The  BW  hazard  remains  a  strategie  threat  today. 

Conclusions 

The  U.S.  is  not  alone  in  developing  measures  to  improve  its  defense  and  response  against 
bioterrorism  or  in  deteeting  bioterrorist  threats.  The  faet  remains,  however,  that  no  other  eountry 
in  the  world  has  approaehed  the  U.S.  level  of  effort.  Inevitably  this  has  led  to  a  debate  within  the 
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US  in  which  some  Americans  question  how  well  the  money  allocated  to  the  U.S.  effort  is  being 
spent,  while  others  feel  the  spending  is  still  inadequate.  We  offer  that  the  consequences  of  not 
preparing  for  this  threat  would  be  unfathomably  catastrophic.  We  cannot  afford  not  to  continue 
these  efforts  and,  though  we  have  made  tremendous  positive  progress,  we  still  have  much  more 
to  do. 


Pandemics  Essay 

A  pandemic  is  an  occurrence  of  a  specified  virus  covering  a  vast  geographic  area. 
Merriam  Webster  defines  pandemic  as  “occurring  over  a  wide  geographic  area  and  affecting  an 
exceptionally  high  proportion  of  the  population.”  Influenza  pandemic  has  the  potential  to  affect 
more  than  100  million  people  with  over  7  million  deaths  and  have  a  direct  economic  impact  of 
more  than  $280  billion  dollars  in  the  United  States  alone. 

Recorded  history  dates  the  first  probable  influenza  diagnosis  at  412  B.C.  by 
Hippocrates^^  and  similar  descriptions  followed  by  Livy  in  ancient  Rome  and  Lord  Randolph  at 
Edinburgh  in  1562.  In  1793,  a  Philadelphia  physician.  Dr.  Robert  Johnson  first  described  the 
symptomatic  indications  of  influenza  and  is  generally  credited  with  discovering  the  epidemic’s 
viral  cause.  Influenza  can  prove  to  be  very  pathogenic  (high  probability  of  serious  illness  or 
death).  The  influenza  pandemic  of  1918  killed  more  people  globally  than  all  World  War  1  deaths 
combined. 

Influenza 

Influenza,  more  commonly  referred  to  as  the  flu,  develops  from  viruses.  Though  a  virus 
is  not  categorized  as  living  or  non-living,  the  virus  infects  a  victim,  both  human  and  animal,  by 
bonding  to  the  host  and  implanting  the  virus’s  genetic  material  into  the  host’s  cell.  The  host’s 
genetic  code  is  then  “hacked”  and  forced  to  replicate  the  virus’s  genetic  material  as  viable 
viruses  that,  then,  serve  as  carrier  genes  to  the  host  cells. 

The  influenza  does  not  contain  DNA  (deoxyribonucleic  acid),  unlike  all  other  living 
things,  but  rather  contains  RNA  (ribonucleic  acid)  as  its  basic  genetic  building  block.  There  are 
three  types  of  influenza  virus^^  (A,  B  and  C)  based  on  variations  of  its  internal  proteins.  Type  A 
can  be  transmitted  by  birds  and  mammals  and  has  a  high  mutating  factor,  while  type  B  is 
confined  to  humans.  Types  A  and  B  are  readily  capable  of  producing  severe  illness  and  death  in 
humans.  Type  C  has  not  proven  capable  of  infecting  humans. 

Viruses  exist  because  of  their  ability  to  thrive  within  some  animals  without  demonstrating 
any  symptoms  and  they  have  the  ability  to  escape  destruction  by  the  host  animal’s  immune 
system.  A  person’s  immune  response  generates  antibodies  that  help  to  reject,  or  destroy,  the 
virus.  A  virus  stays  viable  by  staying  ahead  of  the  body’s  ability  to  generate  the  antibodies.  This 
occurs  by  a  process  known  as  antigen  variation  -  a  spontaneous  genetic  mutation  polarizes  the 
antibodies  thus  avoiding  destruction  or  rejection.  A  virus  will  grow  to  pandemic  proportions 
when  the  antigen  variations  are  so  successful  that  our  immune  system  has  no  effect  on  the  virus. 

In  most  pandemics,  the  host  immune  system  has  no  indigenous  antibodies  because  there 
has  been  no  previous  exposure.  The  virus  has  “jumped”  species  and  the  new  hosts  have  no 
defense.  H5N1,  avian  flu,  poses  this  problem  for  humans. 

A  pandemic  will  likely  present  itself  in  the  human  population  when  the  four  following 
conditions  have  been  met: 

-  A  virus  pathogen  for  humans  establishes  a  global  presence  in  animal  host 

-A  new  flu  virus  subtype  to  which  the  population  is  immunologically  naive 


13 


-  The  new  virus  infects  people,  and  they  get  seriously  ill 

-  The  virus  is  easily  spread  from  person  to  person^^ 

Simply  put,  a  pandemic  occurs  when  a  new  virus  is  efficiently  transmitted  from  host  to  victim, 
on  a  global  scale.  At  the  point  of  pandemic,  the  virus  is  not  contained  and  travels  across 
geographic  boundaries. 

The  Avian  Flu 

The  newest  influenza  flu  virus  subtype,  also  known  as  avian  flu,  has  presented  itself  in 
Asia  and  has  the  potential  to  progress  into  a  pandemic.  Avian  flu  is  type  A  subtype  H5N 1 .  To 
this  point,  is  has  not  migrated  to  human  beings  in  epidemic  or  pandemic  levels.  However,  as 
President  George  W.  Bush  stated  in  the  preface  to  the  2005  National  Strategy  for  Pandemic 
Influenza  document: 

“Nature  presents  us  with  the  daunting  challenge:  the  possibility  of  an  influenza 

pandemic.  A  new  strain  of  influenza  virus  has  been  found  in  birds  in  Asia,  and  has 

shown  that  it  can  infect  humans.  If  this  vims  undergoes  further  change,  it  could 

very  well  result  in  the  next  human  pandemic.” 

The  disease  has,  however,  progressed  from  animal-to -animal  transmission  to  animal-to- 
human  infection  and  very  limited  human-to-human  transmission.  The  first  known  case  of  human 
infection  occurred  in  Hong  Kong  in  1997  with  subsequent  infections  raising  the  total  number  of 
casualties  at  1 8  cases  with  six  ending  in  death.  The  flu  was  contained  through  aggressive 
containment  and  extermination  of  the  poultry  industry  in  Hong  Kong. 

The  avian  flu  was  contained  from  1998  until  2003.  Then  two  additional  cases  were 
reported  in  Hong  Kong  in  2003.  The  World  Health  Organization  (WHO)  has  documented  a  total 
of  318  cases  of  Avian  Flu  infection  and  192  deaths  in  12  different  countries.  While  efficient 
human-to-human  transmission  has  not  evolved,  the  H5N 1  virus  subtype  represents  the  greatest 
known  risk  for  an  active  pandemic  among  the  human  population. 

As  recently  as  2003,  the  virus  subtype  mutated  into  a  strain  with  heightened 
pathogenicity,  or  capacity  for  disease.  This  new  strain,  labeled  the  “Z  strain”  has  surfaced  in 
Thailand,  China,  Vietnam,  Turkey,  Germany  and  other  Asian  and  Eastern  European  countries  in 
various  animals  to  include,  but  not  limited  to,  fowl  and  poultry.  This  strain  has  presented  itself 
in  mammals,  such  as  domestic  cats  in  Germany  in  2006,  and  has  a  greater  resistance  to 
standard  antiviral  drugs. 

As  referenced  earlier,  multiple  elements  must  converge  for  a  pandemic  to  begin.  Those 
elements  include: 

-  Emergence  of  a  new  influenza  Type  A  virus  from  genetic  mutation  or  evolution 

-  Pathogenicity  of  the  virus  to  cause  serious  illness  and  death 

-  Susceptible  population  with  little  or  no  immunity 

-  Efficient  human-to-human  transmission  of  the  virus 

While  the  first  three  elements  are  established  with  the  avian  flu,  the  lack  of  efficient 
transmission  restricts  the  potential  as  a  pandemic.  Constant  monitoring  will  indicate  when  the 
current  H5N1  strain  mutates  to  a  human  virus  signaling  the  culminating  element  of  a  pandemic. 
The  continuity  of  transmissions  of  this  virus  in  Asia,  and  its  indication  of  spreading  to  Europe, 
raises  great  concern  that  the  mutations  will  occur  in  the  near  future. 

The  high  potentiality  of  an  H5N 1  pandemic  necessitates  that  international  and  federal 
agencies  establish  protocols  for  responding  effectively  when  early  indications  present 
themselves. 
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U.S,  Strategy  for  Pandemic  Influenza 

While  the  World  Health  Organization  is  the  international  agency  mandated  to  address 
global  health  issues,  the  United  States  government  has  a  multi-faceted  strategy  to  mitigate  the 
effects  of  any  emerging  infectious  diseases  consistent  with  the  WHO’s  preparedness  efforts.  In 
1996  President  Bill  Clinton  issued  a  Presidential  Directive  providing  a  more  focused  effort  to 
address  infectious  diseases.  A  January  2000  National  Intelligence  Estimate,  The  Global 
Infectious  Disease  Threat  and  Its  Implications  for  the  United  States,  emphasized  the  importance 
of  a  sound,  well-formulated  strategy  for  combating  the  spread  of  infectious  diseases,  to  include 
influenza  sub-type  viruses. 

In  response  to  President  Clinton’s  directive,  the  Department  of  Health  and  Human 
Services,  in  concert  with  the  Department  of  Homeland  Security  after  2001,  developed  a 
comprehensive  strategy  for  the  federal,  state  and  local  governments’  integrated  planning  efforts. 
It  also  incorporated  the  role  of  the  civilian  health  care  system.  The  National  Strategy  for 
Pandemic  Influenza  (NSPI)  guides  our  preparedness  and  response  to  an  influenza  pandemic, 
with  the  intent  of: 

-  Stopping,  slowing  or  otherwise  limiting  the  spread  of  a  pandemic  to  the  U.S.; 

-  Limiting  the  domestic  spread  of  a  pandemic,  and  mitigating  disease;  and 

-  Sustaining  infrastructure  and  lessening  impact  to  economy  and  functioning  society^^ 

The  NSPI  will  leverage  all  instruments  of  national  power  and  serve  as  the  framework  for  a  multi¬ 
pronged  effort.  The  pillars  of  the  NSPI  are;  preparedness  and  communication;  surveillance  and 
detection;  and  response  and  containment.  Each  of  these  key  elements  are  crucial  to  the  success 
of  early  intervention  or  possible  prevention  of  wide  spread  transmission  of  the  attacking  virus. 

The  NSPI  will  coordinate  all  planning  efforts  with  multilateral  agencies  such  as  the 
WHO,  World  Organization  for  Animal  Health,  Global  Outbreak  Alert  and  Response  Network 
(GOARN),  International  Partnership  on  Avian  and  Pandemic  Influenza  (IP API),  United  Nations 
and  the  International  Red  Cross  as  well  as  regional  agencies  critical  to  the  containment  of 
influenza  type  viruses  such  as  the  Asian-Pacific  Economic  Cooperation  (APEC)  forum.  Such 
coordination  efforts  will: 

Support  the  creation  and  exercising  of  avian  and  pandemic  response  plans 

Educate  populations,  domestic  and  abroad,  about  high-risk  practices 

Expand  in-country  medical,  veterinary  and  scientific  capacity  to  respond  to  an  outbreak 

Conclusion 

The  United  States  faces  an  influenza  outbreak  every  year.  Despite  annual  vaccinations 
and  well-funded  scientific  research,  more  than  30,000  deaths  and  200,000  hospitalizations  at  a 
cost  of  $10  billion  occur  annually.  An  influenza  virus  pandemic  could  affect  more  than  100 
million  people  with  over  7  million  deaths  and  have  a  direct  economic  impact  of  more  than  $280 
billion  dollars.’^ 

Pandemics  will  disrupt  every  aspect  of  our  daily  life.  Only  a  small  portion  of  the  total 
population  affected  seeks  treatment  and  are  treated  within  the  hospital  system;  and,  yet  an  actual 
pandemic  would  overwhelm  the  entire  in-patient  hospital  capacity  of  this  country.  Panic  would 
effectively  disrupt  the  education  system  for  many  weeks  and  would  cause  many  millions  of 
people  to  avoid  their  workplace.  Eost  productivity  would  have  a  crippling  effect  on  the 
economic  viability  of  this  country  and  the  rest  of  the  industrialized  world.  Only  through 
education,  communication  and  preparation  can  future  pandemics  be  minimized  or  averted  with 
minimal  loss  of  life,  health  and  economic  impact. 
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Stem  Cells  Ethics  and  Policy  Essay 

There  are  more  than  200  different  eell  types  in  the  human  body  that  are  differentiated 
from  eaeh  other  in  terms  of  their  speeifie  funetion.  Onee  sueh  cells  have  differentiated  into  their 
specialized  function  -  whether  a  nerve,  muscle,  skin,  blood  bone,  or  other  specialized  form  - 
they  can  only  give  rise  to  their  own  cell  type.  Unlike  these  specialized  adult  cells,  the  embryonic 
stem  cells  are  said  to  be  pluripotent;  they  have  the  unique  capability  to  self-replicate  and  develop 
into  any  other  type  of  cell.  Exploring  their  characteristics  in  laboratories  for  the  purpose  of 
regenerative  medicine,  scientists  are  hoping  to  create  cells  that  will  replace  human  tissue  lost  to 
aging,  disease,  or  injury. 

Embryonic  stem  cells  originate  in  the  three  to  five  day  old  embryo  known  as  a  blastocyst. 
Because  the  blastocyst  has  the  potential  to  develop  into  a  mature  human  being,  many  people 
believe  that  the  embryo  should  be  considered  a  human  being  and  possesses  a  right  to  life.  The 
creation  of  an  embryo  for  research  purposes  that  results  in  the  ultimate  death  of  this  embryo, 
consequently,  is  considered  unethical.  Others  do  not  deny  that  human  life  commences  at 
fertilization,  but  deny  that  the  blastocyst  itself  is  a  person  or  human  being  in  the  full  sense  of  that 
term.  Eurther,  such  scientists  hold  that  it  is  because  the  blastocyst  potentially  could  become  a 
human  that  it  should  be  studied  rather  than  the  embryos  of  other  mammals. 

In  order  to  bridge  the  gap  between  the  ethical  issue  over  embryonic  stem  cells  on  one 
hand  and  scientific  research  needs  on  the  other,  many  different  techniques  have  been  developed 
for  producing  embryonic  stem  cells  that  are  providing  some  promising  results.  Using  the  nuclear 
transfer  technique  (NT)  or  therapeutic  cloning  of  embryo  and  pre-implantation  genetic  diagnosis 
technique  (PGD)  for  harvesting  the  embryonic  stem  cells,  scientists  succeeded  in  isolating  an 
embryonic  stem  cell  from  a  blastocyst  that  does  not  have  the  potential  to  become  a  human  being 
or  does  not  appear  to  harm  the  embryo.  Nevertheless,  controversy  remains. The  most 
advanced  technique  of  converting  an  adult  cell  into  an  embryonic  stem  cell  by  “adding  four  new 
genes  to  ordinary  adult  skin  cells”  holds  some  promise,  but  it’s  still  too  early  to  say  that  it  is  a 
silver  bullet  that  cures  a  major  prevailing  problem. 

Many  Americans  support  the  view  that  embryos  should  not  be  considered  human  beings. 
Some  polls  show  that  almost  60  per  cent  of  Americans  support  stem  cell  research,  indicating  an 
understanding  of  the  complexity  of  the  issue.  They  have  balanced  ethical  concerns  with  medical 
necessity  and  support  the  research  on  embryonic  stem  cells  that  benefits  humanity. 

Conclusions  and  Policy  Recommendations 

While  the  ethical  and  moral  issues  over  stem  cell  research  have  not  been  resolved  and 
remain  the  subject  of  national  debate,  current  U.S.  policy  on  this  issue  is  deeply  flawed.  U.S. 
government  regulations  on  stem  cell  research  restrict  the  use  of  government  funds  for  research 
involving  stem  cells  harvested  from  human  embryos.  The  White  House,  favoring  mostly  adult 
stem  cell  research,  restricted  funding  of  research  to  sixty  human  embryonic  stem  cell  lines 
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created  prior  to  August  2001,  most  of  which  have  been  destroyed.  This  current  ethical  position 
in  U.S.  policy  could  harm  stem  cell  science  in  the  United  States;  it  will  slow  the  pace  of  science 
by  focusing  on  one  area  of  research  and  excluding  another,  and  will  cause  many  scientists  and 
researchers  to  leave  the  United  States  to  continue  their  work  in  other  countries  that  support 
comprehensive  embryonic  stem  cell  research. 

Proponents  of  stem  cell  research  highlight  the  considerable  potential  of  embryonic  stem 
cells  and  opponents  speak  of  ethical  issues  and  immorality  of  using  human  cells  for  this  purpose. 
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Promising  medical  research  on  both  embryonic  and  adult  stem  cells  provide  strong  argument  for 
continuing  this  work.  Current  U.S.  government  policy  hampers  American  research  and  places 
American  science  in  an  unfavorable  position  to  compete  with  stem  cell  research  elsewhere  in  the 
world.  Alternatively,  a  decision  not  to  use  stem  cells  as  a  treatment  for  disease  and  to  give  up 
stem  cell  research  altogether  is  not  an  acceptable  scientific  option.  Thus  U.S.  government  policy 
should  be  more  flexible,  adopting  the  Stem  Cell  Research  Enhancement  Act,  which  would  allow 
federal  funding  of  stem  cell  research  on  lines  derived  from  discarded  human  embryos  created  for 
fertility  treatments. 

The  U.S.  Government  should  continue  to  financially  support  scientific  work  on  new 
techniques  that  allow  the  creation  of  alternatives  to  embryonic  stem  cells.  These  alternatives  are 
proving  to  be  less  controversial  and  promise  at  least  the  same  results.  Such  policies  might 
decrease  the  risk  of  losing  economic  benefits  resulting  from  new  discoveries  and  also  decrease 
the  attractiveness  of  U.S.  scientists  looking  overseas  for  collaborators  or  going  to  countries  with 
more  flexible  stem  cell  policies. 


Vaccines  and  Biologies  Essay 

Vaccines  have  eradicated  deadly  disease,  saved  millions  of  lives,  and  significantly 
contributed  to  our  nation’s  health.  For  decades  the  U.S.  vaccine  market  has  been  mired  in 
challenges,  but  recent  shifts  in  policy  have  revitalized  the  sector.  New  niche  markets,  emerging 
science  and  technology,  and  updated  government  policies  for  vaccines  have  conspired  to 
improve  conditions  so  that  the  potential  for  a  vibrant  U.S.  vaccine  market  is  within  reach. 

Background 

Since  Edward  Jenner  first  used  cowpox  to  protect  against  the  deadly  smallpox  disease, 
the  development  of  increasingly  better  vaccines  led  to  today’s  prevention  of  over  20  infectious 
diseases  through  routine  vaccinations.  As  of  2006,  the  Food  and  Drug  Administration  (FDA), 
which  regulates  vaccine  licensing  and  production,  had  licensed  5 1  vaccine  products  for  nearly 
two  dozen  infectious  diseases,  and  many  more  are  actively  being  developed  around  the  world. 

A  vaccine  is  defined  as  a  “preparation  of  a  weakened  or  killed  pathogen,  such  as  a  bacterium  or 
virus,  or  a  portion  of  the  pathogen’s  structure  that  upon  administration  (injection  into  a  human) 
stimulates  antibody  production  or  cellular  immunity  against  the  pathogen,  but  is  incapable  of 
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causing  severe  infection.” 

As  recently  as  1967,  37  separate  companies  produced  vaccines  in  the  U.S.  In  the  last 
quarter  of  the  20**^  century,  declining  profitability,  unfavorable  pricing  policies  and  increased 
regulation  led  to  a  number  of  manufacturers  exiting  the  market.  In  2004,  only  four 
manufacturers  produced  vaccines  in  this  country,  and  single  manufacturers  produced  several 
childhood  immunizations.  The  U.S.  Centers  for  Disease  Control  (CDC)  found  that  the  limited 
number  of  manufacturers,  coupled  with  production  suspension  and  delays,  resulted  in  numerous 
shortages  of  multiple  vaccines  in  recent  years.  In  fact,  from  1998  to  2004,  three-fourths  of 
childhood  vaccines  were  intermittently  in  short  supply.**’ 

Historically,  vaccines  represented  only  a  fraction,  1.5%  in  2002,  of  the  entire 
pharmaceutical  market.  Because  vaccine  products  are  administered  to  individuals  according  to 
recommended  schedules  identified  by  the  CDC,  there  is  no  opportunity  to  expand  the  market 
through  repeat  purchasing.  The  FDA  and  other  regulators  erect  high  barriers  to  entry  even 
before  research  and  development  costs  are  considered.  Similarly,  the  federal  government’s 
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practice  of  establishing  diseount  prices  has  disadvantaged  manufacturers.  Despite  these 
ehahenges,  advanees  in  bioteehnology  knowledge  are  ehanging  the  market  with  the  applieation 
of  biologies  to  vaeoine  produetion  and  the  emergenee  of  new,  non-infeetious  disease  markets  for 
vaecines. 

Future  Niche  Growth 

The  future  looks  bright.  The  first  vaeeine  to  reaeh  $1  billion  in  annual  sales  was  Prevar, 
a  vaeeine  introduced  in  2000  to  treat  a  form  of  pneumonia.  Its  sales  were  nearly  $2  billion  in 
2006.  Last  year,  global  sales  of  vaeoines  were  expected  to  exeeed  $10  billion.  With  a  strong 
pipeline,  450  vaeeine  produets  in  early  2007,  and  developing  niehe  markets,  the  stumbling 
vaeeine  market  of  the  late  20*  eentury  appears  to  be  headed  toward  a  revival.  Emerging 
opportunities  exist  in  expanding  the  vaeeine  market  beyond  ehildhood  and  bioterror-related 
infeetious  disease  prevention.  With  improved  government  funding,  a  signifieant  increase  in 
private-publie  partnerships,  and  expanded  humanitarian/philanthropie  investment,  vaeeine 
development  for  third  world  diseases  has  greatly  expanded.  Additionally,  U.S.  firms  have  been 
drawn  back  to  the  vaeeine  market  in  the  hope  of  creating  new  niehes  for  adolescent  and  adult 
products  with  high  profit  potential.  Technology  has  enabled  the  development  of  vaeoines  at  a 
rate  of  approximately  one  per  year  in  the  past  25  years-up  from  one  every  five  years  previously. 
With  shorter  development  timelines,  manufaoturers  are  now  venturing  beyond  treating  deadly 
infeetious  diseases  to  creating  therapeutio  vaeoines  targeting  diagnosed  diseases  such  as  chronic 
infections  or  cancers.  After  years  of  stagnant  growth,  vaeoines  are  expeoted  to  grow  at  a  rate 
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50%  greater  than  the  overall  pharmaoeutical  market. 

Emerging  Science  and  Technology 

Many  vaeoines  are  biologies:  large,  oomplex,  genetically  engineered  living  oehs 
(proteins)  that  are  living  matter  rather  than  earlier  pharmaceutioals  whioh  were  merely  ohemioal 
compounds.  Because  of  their  oomplexity,  laboratory  tests  oannot  substantiate  that  a  generic 
follow-on  biologic  will  perform  in  humans  in  the  same  manner  as  the  original  patented  drug, 
whioh  underwent  years  of  olinioal  trials  to  determine  its  effioaoy  and  safety.  These  biologies  are 
vastly  different  from  the  ohemioal  drug  oompounds  developed  in  the  1980s  and  1990s.  By  2010, 
half  of  ah  drugs  will  be  biologies,  with  over  400  biologies  oiurently  under  development-  a 
market  of  $67  billion.*^ 

After  a  drug’s  patent  expires,  oompeting  pharmaoeutioal  oompanies  produoe  generio 
drugs  of  the  same  quality  and  safety  as  the  original  patented  drug.  Resulting,  lower  oost  generio 
biologies  present  an  opportunity  to  manage  drug/vaocine  costs.  Since  the  federal  Government, 
through  Medioare,  Medioaid,  and  other  sooial  programs,  is  the  largest  buyer  of  pharmaceutioals, 
their  regulation  and  enoouragement  is  appealing.  However,  sinoe  biologies  are  so  markedly 
different  from  ohemioal  drugs  (one  biologio  requires  310  disorete  manufaoturing  steps)  and  the 
efficacy  and  safety  of  generio  biologies  is  controversial,  the  FDA  is  at  a  orossroads  of  how  to 
approve  generio  or  “follow-on”  biologies. 

Government  Policies 

The  FDA’s  notions  have  hampered  the  evolution  of  the  specifio  vaeeine  and  larger 
biologies’  pharmaceutical  industries.  The  vaeeine  market  of  the  late  1990s  was  negatively 
impaoted  by  the  FDA’s  poor  oommunioations  of  evolving  standards,  and  the  oombined  effeots  of 
inoreased  regulation,  infrastruoture  improvement  oosts,  and  government  prioe  oontrols  for  many 
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vaccines  drove  several  manufaeturers  from  the  market.  More  recently,  while  the  FDA  has  stated 
that  they  have  the  capability  to  review  and  approve  safe  generic  “follow-on”  biologies,  they  have 
made  conflicting  statements.  In  discussions  with  the  World  Health  Organization  in  the  fall  of 
2006,  the  FDA  stated  that  they  (FDA)  have  not  “determined  how  interchangeability  ean  be 
established  for  complex  proteins.”  In  essenee,  the  FDA  is  stating  that  it  is  not  able  to  determine 

87 

that  a  ‘similar’  biologies  (a  complex  protein)  ean  be  determined  safe  for  consumers. 

Alternately,  in  April  2007,  the  FDA  Commissioner  stated  that  the  FDA  has  the  “expertise  and 
experience”  to  determine  the  degree  of  clinieal  trials  neeessary  to  produee  a  safe  drug.^* 

Since  it  is  the  proeess  rather  than  the  product  that  can  readily  be  measured  in  biologies’ 
development,  the  focus  of  FDA  compliance  is  on  design  and  validating  a  “well  defined 
production  process.”  Biologies’  manufacturers  must  apply  for  both  a  manufacturing  facility 
and  a  product  license.  The  FDA’s  Center  for  Biologies  Evaluation  and  Research  (CBER)  and 
Office  of  Regulatory  Affairs  (ORA)  share  joint  responsibility  for  regulating  vaccines.  In 
addition  to  ensuring  safety  and  efficacy  standards  for  each  lot  of  a  vaccine  produet,  the 
CBER/ORA  partnership,  also  known  as  Team  Biologies,  inspects  manufacturing  facilities  as  part 
of  its  establishment  validation  both  before  and  after  granting  vaccine  approval.^  Biologies, 
however,  present  unique  produetion  issues  for  regulators.  Since  biologies  are  manufactured  with 
genetically  engineered  DNA  eoded  to  produce  a  speeific  biological  protein,  not  only  is  the 
genetic  coding  a  trade  seeret  so  too  is  the  manufacturing  process.  Therefore,  it  appears  unlikely 
that  a  generie  pharmaeeutical  firm  could  develop  like-manufacturing-proeesses  of  the  biologies’ 
original  developer.^'  Both  the  drug  composition  and  the  manufacturing  process  are  intellectual 
property  and  publie  law  must  preserve  intellectual  property  rights. 

Law 

Currently,  there  are  no  laws  permitting  the  introduetion  to  market  of  a  generic  follow-on 
biologic,  although  a  few  generic  biologies  have  been  approved.  While  the  Hateh-Waxman  Act 
authorized  the  manufacture  and  sales  of  generic  drugs,  it  did  not  amend  the  Public  Health 
Service  Act  which  applies  speeifically  to  biological  products.  Pharmaceutical  firms  argue  that 
generie  biologies  may  be  approved  by  the  PDA;  however,  current  law  clearly  does  not  support 
this  conclusion.  Both  the  Senate  and  the  House  of  Representatives  have  been  working  to  eraft  a 
new  law  to  regulate  the  sale  of  generie  biologic  drugs.  The  safety  of  follow-on  biologies  must  be 
balanced  against  high  drug  costs.  Various  proposals  would  grant  the  PDA  authority  to  approve 
generic  biologies  based  on  proeedures  to  be  developed  by  the  PDA  and  include  an 
“exelusivities”  clause  which  would  provide  12  years  data  exelusivity  to  a  brand  biologie, 
forbidding  the  introduction  and  sale  of  bio-similar  products  following  patent  expiration. 

The  President’s  2009  Budget  Proposal 

President  Bush’s  2009  Budget  Request  proposes  to  allow  the  PDA,  in  collaboration  with 
Congress,  to  develop  proeedures  for  approval  of  generic  biologies  and  authorizes  the  PDA  to 
charge  user  fees  to  finance  the  additional  workload.  The  budget  proposal  expeets  the  PDA’s  new 
generie  biologies  review  and  approval  proeedures  to  support  the  introduetion  of  follow-on 
biologies  and  not  require  extensive  drug  testing  (i.e.,  elinical  trials)  to  determine  the  generie 
biologies’  safety.  In  an  attempt  to  reeognize  the  substantial  investment  in  biologies  research  and 
development,  while  the  budget  contends  that  safety  and  drug  effectiveness  would  be  ensured  in 
the  new  proeedures,  it  also  requires  “adequate  intellectual  property  protections”  to  support 
continued  biologies  research.  Exclusive  data  or  drug  marketing  rights  were  not  speeially 
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addressed  in  the  budget  proposal.  Granting  exelusive  marketing  rights  is  already  an  option 
available  for  the  FDA  for  generie  drugs,  but  it  seems  doubtful  the  FDA  would  use  this  option  for 
follow-on  biologies  given  the  industry  and  politieal  furor  assoeiated  with  generie  biologies, 
absent  direetive  language  from  Congress. 

Conclusions 

Despite  a  late  20**^  eentury  deeline  in  the  number  of  U.S.  vaeeine  manufaeturers,  eurrent 
advanees  in  seienee  and  teehnology,  eoupled  with  new  niehe  markets  and  more  favorable 
polieies,  have  reinvigorated  the  vaeeine  market.  While  biologies  are  extremely  expensive 
eonsidering  the  life  eyele  eosts  of  researeh  and  development,  the  FDA’s  approval  of  generie 
biologies  would  reduee  the  eost  of  these  drugs.  The  debate  and  pending  legislation  regarding 
follow-on  biologies  must  balanee  safety  eoneems  for  new  market  entrants  with  exelusivity  rights 
of  drug  developers.  New  law  is  needed,  and  is  fortheoming,  as  many  biologies  come  to  the  end 
of  their  patent  protection.  Both  Congress  and  the  Bush  Administration  are  addressing  these 
emerging  issues.  Whether  a  new  generic  biologies  law  will  adequately  protect  developer’s 
intellectual  property  and  trade  secrets,  entice  the  bio-technology  industry  to  continue  to  invest  in 
biologies  research  and  development,  and  at  the  same  time  offer  less  expensive  drug  alternatives 
remains  to  be  seen. 

Policy  Recommendations 

Biofuels 

—  Transform  the  fuel  supply  by  requiring  oil  companies  to  retrofit  gas  station  pumps  to  dispense 
ethanol,  increasing  support  for  cellulosic  ethanol,  adjusting  the  ethanol  subsidy  as  oil  prices  rise 
and  fall,  phasing  out  the  ethanol  import  tariff  for  producers  that  meet  social  and  environmental 
standards,  and  supporting  lower  prices  for  off-peak  electricity. 

—  Continue  the  funding  of  research  to  develop  the  enzymes  and  bacteria  necessary  to  produce 
cellulosic  ethanol  from  non-food  crops  and  crop  residue. 

—  Fund  ongoing  research  on  to  develop  algae  as  a  renewable  source  of  aviation  fuel  in  order  to 
reduce  the  industry’s  current  near  total  reliance  on  kerosene. 

Agriculture 

—  Establish  an  education  plan  developed  in  coordination  with  other  governments  and  NGOs 
presenting  the  pros  and  cons  of  GE  crops.  The  education  material  should  be  made  available  first 
to  Americans  and  then  to  the  world  wide  audience  through  an  internet  site  and  other  forms  of 
free  media  public  notifications.  The  American  public  and  citizens  from  other  countries  could 
decide  to  review  or  ignore  the  information  individually. 

—  Eoods  containing  GE  crops  should  be  labeled  to  indicate  the  presence  of  GE  organisms. 
American  consumers  would  be  able  to  make  an  informed  choice.  Market  pressures  may  cause  a 
differentiation  in  price  between  foods  containing  GE  crops  and  those  that  do  not.  Additionally, 
the  presence  of  a  label  would  meet  EU  requirements  opening  new  markets  for  the  industry. 

After  all,  free  markets  and  capitalism  are  the  American  way. 

—  The  agriculture  biotechnology  industry  should  press  forward  with  continued  research  and 
development  of  advanced  GE  crops  that  will  meet  the  needs  of  all  food  markets.  In  the  future 
this  may  include  increased  yields,  improved  nutritional  content  or  specialized  needs  for 
particular  markets.  As  advanced  GE  crops  are  institutionalized  in  developing  countries,  local 
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citizens  will  benefit  from  improved  nutrition  and  inereasing  yields  should  enhanee  developing 
eeonomies  to  flourish  with  the  enhaneed  produetivity  from  GE  food  produets. 

Medical  Biotechnology 

—  In  order  to  ensure  that  personalized  medieine  advances  to  its  fullest  potential,  individuals  must 
be  proteeted  against  genetie  diserimination  by  employers  and  insurers.  The  Genetie  Information 
Nondiserimination  Aet  of  2008  (H.R.  493/S.  358)  signed  into  law  by  President  Bush  on  May  21, 
2008  addresses  this  requirement.  The  main  poliey  issues  inelude  defining  genetie  information; 
physieally  separating  genetic  information  from  other  medical  information;  unintended  disparities 
between  “genetic”  and  “non-genetic”  diseases;  and  the  effeet  of  legislation  on  partieipation  in 
genetie  researeh,  on  uptake  of  genetie  teehnology  and  on  the  delivery  of  high  quality  health 
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care. 

—  Longevity  benefits  can  only  be  realized  with  foeused  poliey  actions.  One  sueh  idea,  ealled  the 
Longevity  Dividend,  seeks  to  inerease  life  expeetaney  by  seven  years.  Proposed  by  Dr.  Jay 
Olshansky,  this  Longevity  Dividend  ealls  for  the  redireetion  of  $3B  per  year  of  the  National 
Institute  of  Health  (NIH)  budget  to  eombat  age  related  decline.  Through  the  Longevity 
Dividend  “people  would  remain  in  the  labor  force  longer,  personal  ineome  and  savings  would 
inerease,  age-entitlement  programs  would  face  less  pressure  from  shifting  demographics,  and 
there  is  reason  to  believe  that  national  eeonomies  would  flourish.”  The  eeonomie  benefit  from 
expanding  health  has  already  been  demonstrated.  Lrom  1970  to  2000,  the  heathspan  (that  period 
of  healthy  activity  in  lifespan)  inereased  approximately  five  years  resulting  in  $3.2  trillion  per 
year  in  national  wealth.  It  is  elear  that  redireeting  the  eurrent  budget  is  the  most  flexible  poliey 
option  available  and  offers  the  benefit  of  a  sound  financial  return. 

Conclusion 

While  the  1900s  are  eharacterized  by  many  historians  as  the  Information  Technology  Era, 
the  2000s  may  be  dubbed  the  Bioteehnology  Era  due  to  rapid  advanees  that  will  eompletely 
revolutionize  many  aspeets  of  life.  Although  the  field  of  bioteehnology  has  aehieved  notable 
breakthroughs  in  the  past  few  deeades,  the  industry  ean  traee  its  birth  baek  to  the  beginning  of 
eivilization  when  men  diseovered  the  ability  to  ferment  grains  to  make  aleoholie  beverages  and 
learned  of  the  usefulness  of  eross-pollinating  erops  in  order  to  ereate  new  hybrid  strains — the 
earliest  form  of  genetie  engineering.^^ 

Today  the  industry  is  a  vibrant,  vital  contributor  to  the  U.S.  and  world  eeonomy. 
Aeeording  to  U.S.  Government  estimates,  prescription  drug  purchases  in  the  U.S.  grew  from  $40 
billion  in  1970  to  approximately  $229  billion  during  2007,  about  $760  per  capita.  Government 
estimates  projeet  Ameriean  drug  purehases  reaehing  $497  billion  by  2016,  primarily  due  to  a 
rapidly  aging  U.S.  population,  inflation  and  the  eontinued  introduetion  of  expensive  new  drugs. 
Bioteeh-related  drugs  aeeounted  for  perhaps  $44  billion  or  20  pereent  of  the  U.S.  market  in  2007. 
Generie  drugs  have  grown  from  33  pereent  of  total  U.S.  drug  expenditures  in  1990  to  58  pereent 
in  2007.  Agrieultural  bioteehnology  has  revolutionized  farming,  boosting  produetion  of  food 
erops  and  enhaneing  nutritional  qualities.  BT  eotton  has  been  enormously  sueeessful  in  the 
United  States  and  India,  significantly  reducing  water,  pestieide,  and  fertilizer  requirements  while 
greatly  inereasing  erop  yields.  Although  currently  surrounded  by  eontroversy,  most  of  it 
unsoientifieally  based  and  without  merit,  genetieally  engineered  food  erops  represent  signifieant 
promise  to  meeting  the  world’s  rapidly  growing  food  needs.  Spurred  by  soaring  gasoline  priees 
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and  effective  lobbying  by  agricultural  and  industrial  interests,  the  Bush  administration  has  placed 
renewed  emphasis  on  reducing  reliance  on  imported  oil  through  increased  production  of  bio¬ 
fuels,  primarily  ethanol.  Currently,  com  is  the  near-exclusive  source  of  ethanol  in  America.  This 
represents  an  unprecedented  shift  of  a  crop  from  its  use  in  the  food  chain  to  use  in  the  energy 
chain,  and  combined  with  rapidly  rising  petroleum  prices,  has  resulted  resulting  in  increased 
prices  for  consumers,  livestock  growers,  and  food  processors.  In  reaction,  governments  and 
business  are  increasingly  funding  research  by  biotechnology  firms  worldwide  to  develop  the 
genetically  engineered  bacteria  and  “super-enzymes”  necessary  to  facilitate  the  conversion  of 
agricultural  waste  and  non-food  crops  into  cellulosic  ethanol  and  bio-diesel  fuels. 

As  an  industry,  biotechnology  requires  large  numbers  of  innovative  scientists  and 

technicians  to  “push  the  envelope”  in  research  and  development;  numbers  that  are  not  being 

produced  either  in  the  United  States  or  worldwide.  This  unfortunate  trend  must  be  reversed  if 

the  advances  achieved  in  recent  years  are  to  be  maintained.  Coupled  with  the  persistent  shortage 

of  qualified  personnel,  another  significant  challenge  is  the  length  of  time  and  enormous  costs 

involved  in  developing  a  new  dmg  and  getting  it  to  market.  According  to  a  study  released  by  the 

Tufts  Center  for  the  Study  of  Dmg  Development,  these  costs  averaged  $802  million  in  2001,  up 

from  about  $500  million  in  1996.'°^  Expanding  on  the  study  to  include  post-approval  research 

(Phase  IV  clinical  studies).  Tufts  subsequently  estimated  the  average  cost  to  develop  a  new 

biologic  at  $1.2  billion  in  2006.  The  typical  time  elapsed  from  the  synthesis  of  a  new  chemical 

compound  to  its  introduction  to  the  market  remains  12  to  20  years.  As  a  result  of  these  costs  and 

the  lengthy  time-to-market,  emerging  biotech  companies  encounter  a  harsh  financial  reality  that 
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commercial  profits  take  many  years  to  emerge  from  promising  beginnings  in  the  laboratory. 

All  of  these  challenges  must  be  met  and  overcome  if  the  industry  is  to  continue  to  grow 
and  realize  its  full  potential.  Scientific  discovery  and  breakthroughs  offer  unprecedented 
opportunities  to  increase  mankind’s  quality  of  life  by  reducing  greenhouse  gas  emissions, 
increasing  access  to  food,  improving  resistance  to  disease,  and  developing  personalized 
medicine.  The  question  is  not  if  this  will  occur,  but  when  and  how  to  ensure  that  it  takes  place  in 
an  ethical,  reasonable  manner  that  benefits  America  and  the  rest  of  the  world. 
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